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1. AREA OF WORK - IMPROVED KPR RESOLUTION (C. LOGAN).

1 A

Work Item -~ Improved light collimation during KPR exposure.

Abstract - The i1nvestigation involving the evaluation of commer-
cially available KPR-exposure-alignment gear along with
departmental designs for attaining optimized light col-
limation has resulted in the abandonment of outside
source considerations in favor of modification of our
present gear with a highly collimated light source of
our own design.

Purpose - The significance of a collimated light source during
KPR exposure 18 to minimize light scattering, refraction
and wafer-mask contact effects during the exposure of
the KPR oxide masking pattern, thus minimizing pattern
resolution degradation.

Narrative Commercially available light sources having the collima-
and tion characteristics desired, could not be readily
Data adapted to our present equipment designs which have
desirable features above and beyond those incorporated
into the commercially available equipment. Flexibility
relative to additional improved optics; light pattern
dimension control, and exposure accessories and adaptors
18 limited with the commercial equipment, while provi-
s1ons have been made for a wide range of flexibility
with the departmental design.

Conclu- A highly collimated. Mercury Arc, light source satis-
sions factorily meets all requirements of high resolution
expcsure for KPR masking of window etching processes.

Program Light source will be built and made an integral part
for next of our present KPR-alignment-exposure gear in readiness
Quarter for debugging and evaluation.

Work Item -- Mask-Wafer "Contact" Exposure Effects.

Abstract - The modified gimbal ball joint table has been made an
integral part of the exposure-alignment fixture design.

Purpose The present design of the gimbal table as used with the
vacuum hold down allows for possible restriction in
obtaining good i1ntimate contact between mask-wafer
prior to exposure, whereas a ball joint design provides
for a more "free" movement, thus ensuring a more con-
trollable and reproducible exposure.

Narrative The KPR exposure-alignment gear has been modified to
and replace the double gimhal "seat" by the ball joint
Data “seat” design. Presont processing i realizing the



benefits of this modification.

This Work Item is completed.

3 A. Work Item - High Resolution Masks

B.

Conclu-
sions

Pattern resolution for the KPR glass masks, which we
are currently purchasing from mask vendors, has been
advanced to the point where the transition from opaque
to clear areas is less than one micron. This is better
than the inherent resolution of the KPR process. As

a result, the present optimized mask resolution is
adequate and these masks are presently being used in
production.

This work item is therefore regarded as complete.



II. AREA OF WORK -- CONTACT EVAPORATION AND ALLOYING (C. LOGAN)

1 A

D.

Work Item - Improved Substrate Heater Design.

Abatract - Total emphasis is being placed upon the infra-red

Purpose -

Narrative
and
Data

Conclu-
sions

Program
for next
Quarter

lamp, substrate heater design. Heaters have been
fabricated and evaluation efforts are under way.

Consistent and uniform aluminum contact surfaces and
alloying necessitates controlled deposition and alloy
temperature cycles as exhibited by the substrate heater.
The particular heater designs mentioned should minimize
gradient effects characteristic of large area heaters.

The heater design consiats of six lamps contained and
positioned under a quartz plate, with the bottom side
sand blasted and silver coated. Temperature control is
attained through the use of a thermocouple which is
located directly beneath the plate (above the lamps).
The thermocouple is exposed t- the lamps and responds
to I.R. radiation and not conducted heat. This
minimizes problems associated with attaining and
maintaining of intimate contact between the thermo-
couple and a surface during heat cycling, thus insuring
reproducibility from run to run. Temperature profiles
have been made of the quartz substrate plate and a
usable area (4" x 6") mapped out at the desired tem-

+ o0
perature (2 5°C)

The 1nfra-red heater design will meet the requirements
as fixed by the contact procesa. Proper control has
been attained and a much simpler design relative to
previous conduction type resiatance heaters.

The I.R. heater will be installed on a vacuum system,
debugged and proven as a reliable substrate heater
for contact evaporation and alloying.

Work Item - Temperature Control Improvements

Abstract - Proportional current limiting control units have been

Purpose -

installed on all vacuum systems

"On-0ff" temperature control is characterized by a
temperature range control rather than point temperature
control, along with initial overshoot while current
limiting control provides only enough current to main~
tain the control temperature and ensure more reproduc-
ible deposition-alloy cycles.



Narrative
and
Data

Conclu-
sions

The controller unite used during contact evaporation
and alioying for inditating and maintaining constant
temperature control have been modified and adaptor
units installed to provide current limiting control.
Problems such as temperature overshoot and controller
"runaway”’ have been minimized.

The proportional current limiting control units are
functioning according te specifications relative to
required temperature control. This work item is
considered complete.

Work Item - Reguiated Leak Consideraticn

Conclu-
sions

Work Item -

Abstract

Purpose -

Narrative
and
Data

This work has beern pre-empted by the vacuum deposition
process . {Sce 4A )

Vacuum Depesition Process

- The mejor process variable relative to bondability,

and electrical parameter effects as associated with
good consistant 2ileying proved to be the depesition
temperature levated deposition temperature and low
pressure resuit in improved rcproducibility and reli
abxlity of the contact pro-ess and improved aluminum-
silicon allcy and T C B

To deveicp a constant precess which would minimize the
critical nature of TCB, Thermoc Compression Bonding
and promote reproducib.l:iiy of alilioy regions having
negligible effect on the electrical parameters.

Consistent alloying 13 dzpendent upon weitability or

the ease with which the aluminum wets the silicon
surfaze to promotc an aii:y. Depositions carried out
at eievat<d tcemperatures establish a much more adherent
or more int.mate <¢niscy rendition between the aluminum
layer and the silicon surface If in fact, the deposi-
tion 18 condocted above the aluminum silicon eutectic
temperaiure wetting and elloying occur simultaneously.

The effect of substrate temperaturc upon thermo-.
compression bondability arises from deposited aluminum
fiim density or parviculate build up of the film during
depcsition. Fas: ¢f bond .ng xs dependent upon "soft-
ness" of aluminum cantact surface which 1 1n turn
dependent upon f.lm density end the alley  Hot sub-
strate vg, cold substrate deposrtrons result 1n com-
pletely d,ffv-vny sluminam ron.act bondabilivy charac-



Conclu~
sions

Program
for next
Quarter

teristics.

Elevated substrate deposition temperatures result in
improved and more consistent alloyed aluminum contacts,
and a more reproducibie and reliable process.

Incorporate the elevated substrate temperature deposi-
tion as part of the existing contact formation processes,



III. AREA OF WORK - COLLECTOR ETCHING (C. LOGAN)

1 A

Work Item - Surface Masking.

Conclu-
sions

As stated in the last quarterly report in the conclu-
sion section of this work item, this improved technique
has virtually eliminated mask failures during collector
etch and proved to be a much more reliable process. It
has been adopted and is part of the standard collector
etch process.



IV. AREA OF WORK - BORON DIFFUSION (A. R. DI PIETRO)

1 A. Vork Item .

Replace presznt 8203 solid source process by a BCla
gaseous source prociss.

B. Abstract - The diffusion furnace and gas train have been assembled

C. Purpose -

D. Narrative
and
Data

and put intc operation. A series of runs has been
initiated to assess the adaptability of this process
to manufacturing.

The goal of the work during this quarter was to acquire
and manufacture parts and equipment for the gas train
and furnace and to aasemble them into a diffusion
apparatus, In addiiion, a series of runs was to be
started for the purpose of determining the ease of
contrcl. reproducibility and uniformity of the BCl,
diffusion process.

Prior to the instailation of the completed furnace
assembly according to the design discussed in the last
quartsrly report 1t was discovered that the flat zone
heate: had opened. A new heater eiement was purchased
and i1natalled end the furnace now maintains a diffusion
flat zone nearly twice as long as before the breakdown.
Except for minsr alterations necessitaied by results
obtained 1n optimizing the diffusion process; the
furnace design and assembly is considered as completed.

In the earlier developmental work on the BC), diffusion
process, prior to the period of this comtract, certain
features of the process were established. These fea-
tures are:

i. Bxceptional uniformity in properties resulting
from boron diffusion.

2. Some evidence that the BCl, process does not
introduce crystai damage during dx?fulion°

3. Saimpler furnace requirement, 1.e¢ one flat sone
instead of two.

4  Impu.ity source concentration can be varied
over a large range and can be held constant within a
tlose tclerance. This gives versatility to the 3013
process which is noi availabie in 8203 diffusion.

However 1n introducing a process into a manufacturing
cycle twe very wmportent crateria which must be met
are:

i. Reproducibaizty The process performance under
this criterion must be such that the material output
frem thie nrocess haw a certain probab.lity of falling
within & vurge: area  This target area must he con-
sistent wi‘n the cveral: manufacturing cycle
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Conclu-
sions

Program
for next
Quarter

that is. the extremes in results which can be tolerated
from a given process are determined by the degree of
change necessary in subsequent processes to bring the
ultimate product within specifications.

2, Ease of control - The process must be such that
manufacturing non-technical personmel, operating from
written instructions; can obtain satisfactory results
on a daily basis, In addition, the process must have
sufficient stability that in the event of a shut down
or other interruption in the daily rcutine a process
engineer :an restore the system to satisfactory opera-~
tion within a short time,

We have init:ated a series of runs to assess the degree
to which the BCl, process meets these two criteria,

Our approach 1s 20 systematically determine that set

of process control parameters which will optimize both
the stabilivy and reproducibility of the process. Ome
of the controliing parameters in this process 1s the
thickness of the oxide barrier which is grown over the
diffused areas prior to diffusion. The process depends
on the controlied failure of this oxide analogous to
the standard gallium diffusion process, Initial results
indicate that one of the causes for unsatisfactory
reproducibility will be changes in this oxide thick-
ness during the course of a rum.

It appears that the present equipment design will be
satisfactory, However, initial results indicate that
the main process problem will involve the change in
oxide thickness during a diffusion run., Unleas signif-
icant improvement in resultes on ot to lot reproduc-
1bility 18 obtained in the first part of the next
quarter, 1t appears that cur present BCl, process is
not capable of gaving the daily reproduc?bility which
we can obta:n wath B,0,.

273
Progreas on this work item in the next quarter will
consis” of opt:mizing and finalizing operating pro-
cedures for BCI3 diffusiocn in order to attain a satis-
factory degree of lot to iot reproducibility.



V. AREA OF WOBK - PHOSPHORUS DIFFUSION (J. F. WHOLEY)

1 A
B.

Work Item ~ Improved Source Heater for Phosphorus Diffusion

Abstract - Temperature control attained with the new improved

Purpose -

Narrative
and
Data

Conclu-
sions

Program
for next
Quarter

heaters on the initial series of debuggimg runs appears
very promising,

The objectives of this work item were:

a., To decrease the time interval between the loading
of the P,0. and the attainment of a stable tempera-
ture at %hg deaired operating point.

b. Automatic control of temperature at the opornt3n¢
point, with a maximum fluctuation of about £ 1°C.

Construction and installation of an infra-red heated
source zone tube furnace are complete. Debugging runs
are under way with promising initial results in terms
of temperaturs control. The control circuit vhish
powers the infra-red heater gives a swing of 2 $°C.
for the heater zone by itself.

Redesign or alternation of the infra-red heater will
not be necessary.

Determine the degree of control attainable using the
infra-red system, Control criteria will be

a. The reproducibility of heat-up time from the instant
the on is loaded until the desired temperature
level i8 reached, and

b, The rangs of temperature fluctuation from this
point until the end of the rum,

Work Item - Improved Technique of Loading Phosphorus Source Boats

Abstract - Construction of a dry box to house the loading operation

Purposse -

has been delayed pending negotiations with a vendor to
supply quantities of dry phosphorous pentoxide in sealed
containers. Samples of these containers are scheduled
for delivery by November 18.

Improvement in the technique of loading the phosphorus
source boats to minimize exposure to room air humidity
and to achieve uniform effective P 05 source surface
area will imp-ove the uniformity o* phosphorus concen-
tration and junction depth,



Narrative
and
Data

Conclu-
sions

Program
for next

Quarter

10

Work on this item has not progressed according to plan
because of the decision to emphasise a preweighed,
sealed quantity of phosphorus pentoxide as the primcipal
element in the attempt to improve control of the loading
proceas. The present loading technique, while extremely
rapid, is volumetric and therefore subject to variations
in the bulk density of the phosphorus pentoxide both

in the bottle and as packed into the loading tool.

Individual operator discretion in the preparation of

the right quantity of source material for use in phos-
phorus diffusion can be removed by the use of commercial,
anhydrous, pre-weighed and sealed containers,

Evaluate the use of pre-weighed phosphorus pentoxide
ampoules in terms of ease and speed of loading as well
as the subsequent reproducibility of sheet resistivity
and phosphorus glass thickness on wafers. It is anti-
cipated that this evaluation will necessitate the
construction of a simple dry box for ambiemt protection
during the period when the ampoule is opened and the
source is loaded.
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VI. AREA OF WORK - COLLECTOR CONTACT TO THE HEADER (R. H. LANZL, J. L. DURSO,

J. RICHARDSON)

1 A. VWork Item - Reduction in Size of Preform.

Increased capacity of preform and pellet mount equip-

ment.

Alternative pellet mounting process. Feasibil-

ity of elimination of preform,

B. Abatract - Progress in each of the three work areas was as follows:

€. Purpose -

D. Narrative

and
Data

1'

Preforms were mounted automatically on revised
preform mount equipment. It was determined,
however, that additional, more reliable revi-
sions were necessary.

Pellets were mounted without preforms on exist-
ing headers (100 millionths gold plate) using
resistance heat (through application of elec-
trodes in the immediate vicinity of the pellet).
Mechanical results at this time appear to be
extremely good.

As mentioned above, a different approach to
mounting was attempted. A commercially avail-
able pellet mount machine which incorporates
the resistance heating technique was evaluated.

The goal during this report period on work with collec-
tor contacts has been directed.

1.

Toward completion of effort in automatic mount-
ing of preforms at increased rates, on existing
equipment.

In exploring and evaluating the possibility of
eliminating the necessity of preforms--partic-
ularly through the use of improved pellet mount
equipment. Success in this area should further
.mprove existing output capabilities and result
in sasier, more consistent pellet mounting.

Work details are as follows:

ll

A quantity of 2N2193 headers had preforms
mounted on existing equipment after minor
modifications had been made. Results were
somevhat erratic and set up times excessive.

To assure reliable results, a complete redesign
of header holding and positioning was completed
and is now under construction. Incorporated

in these revisions are plans to increase by
508 the present speed of the preform mount

machine using a preform thickness between
0.0005 and 0.001 inch.



B. Conclu-
sions

F. Program
for next
Quarter
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A quantity of 2N193 headers had pellets mounted
without preforms. The machine used, of the
resistance heating type mentioned, was adjusted
to provide a uniform fillet of gold-silicon
eutectic around the pellet. Devices with pellets
so mounted were subjected to flexing in such a
manner that the "bond" could be visually examined
Additional devices will be subjected to the
standard electrical teats to establish satisfac-
tory electrical performance.

The resistance pellet mount machine available
commercially was evaluated for a short period

of time with respect to rate, quality of bond
and general operating characteristics, Generally,
improvemen.s over existing type equipment in
each of these areas were noted. This machine
gave good mechanical pellet mounting results,
especially without preforms and appears to lend
itself extremely well to better and faster
pellet mount equipment.

Preforms can readily be mounted on automatic
equipment with satisfactory results--provided
proper tooling is available.

One hundred millionths gold, which is the thick-
ness of existing headar plating, is of sufficient
quantity to produce a good mechanical pellet
bond without a preform. It thus appears that
elimination of the preform may be feasible.

Resistance type pellet mounting deserves further
investigation both in conjunction with the pro-
gram to eliminate preforms and in its ability

to provide a better, faster technique of mounting

Work during the next report period should:

1.

2.

Result in 2N2193 preforms being placed auto~
matically in production.

Point out the feasibility of:

a. Eliminating preforms through the use of
properly plated headers to provide comparable
quality, or better devices.

b. Using resistance heating pellet mount
techniques in mounting without preforms.
Further, a better evaluation of this process
for possible use in more automatic equipment
will be studied.
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Work Item - Reduction of the Corroding Species by Improving

Cleaning and Tighter Inspection of Purchased Material
(P. K. GLASBRENNER, R KOBLER).

Abstract - During this period an intense investigation of “As

Purpose -

Narrative
and
Data

Received" material conditions together with processing
parts through cleaning phases of fabrication was
initiated.

To determine degree of control of incoming material
and effectiveness of cleaning prooedures presently
employed on production line. Experiments will be
conducted to determine effect of cleaning parts upon
device performance and reduction of the corroding
species.

Following outline as presented in first quarterly

report the results of our investigation, thus far, is
as follows:

a. Cap
1. Identification of material and its conditionm.

a. Base material by spectrographic analysis.

Chemical Composition: $ By Weight

Spec. Actual Analysis®

Nicke! & Cobalt, Man 99.0 99.471

Magnesium
Titanium
Manganese Max
Iron, Max
Copper, Max
Carbon, Max
S1licon, Max
Sulfur Max

.01-95.08 0.078
.01-0.05 0.010
.35 0.180
20 0.041
.15 0.014
.18 0.115
.18 0.085
.008 0.008

COoO0oOoOCSC OO

* Analysis run by Material & Processes Laboratory who

estimate accuracy of impurity measurements to be
within 5%. Thus material is weil withirn drawing
specifications.

b. Base Materiai’s Fabricated Cleanliness by
Metalisgraphic Section Examination,

Photographs were taken of surface conditions
but did not indicate any significant visual
contam:nation. However. cross sections are
being made to study grain structure and
observe any irregularities of surface
interface. '

¢. Surface Contamination by infra-red spectro-
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photo metric analysis of "As Received"
material: data obtained by M&P Laboratory.

Fifty capa were washed and their surface
contaminants were extracted. Organic
material was found to be present, in Order
of Magnitude of 25 ppm. Positive identi-
fication of type of organics was nct pursued
due to small quantity found. However, it
was possible to conclude that sulfonated
and metallic soap base compounds were not
present on parts which would be hard to
remeve by trichloroethylene degreasing.

2. Cap cleaning and lin: processing

a., Effectiveness of line processing by metal-
iographi: examination:

Photos were taken of the surface after
:leaning but no significant difference was
visually discernable., Cross sections are
being obtained to study effect upon grain
s1ze for comparison to "As Received" mate-~
rial,

b. Bffectiveness of line processing by infra-
red spectrophotometric analysis:

The effectiveness of our cleaning processes
1s dramatically illustrated by this technique
where the organic contaminations have been
reduced from 25 ppm. to lass than 2.3 ppm.

3. Alteration of part or prccess drawings to improve
quality.

At this time it is evident that the material
apecifications and effectiveness of cleaning
are being complied with and are very effective
regarding preparation of part prior to use.
Therefore, no change in drawing or process will
be initiated at this time.

b. Preform
1. Identification of material and its condition.

a. Basc material by spectrographic analysis:
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Ca.
Cu.
Fe.
Pb.
Mg.
Si.
Ag.
Tot

’
]
’
?
]
’

’
al
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Chemical Composition: $ By Weight

EEEEEEE

Spec. Actual Analysis*

0.60 (Nom) 0.610
0.0003 £ 0,0001
0.002 0.0025
0.002 0.0001
0.0001 -

0.002 < 0,0001
0.0001 0.0001
0.002 0.003

Impurities, Max  0.010 0.0059

* Analysis run by MAP Laboratory, who would

Width

Thickness .0005

not certify degree of accuracy on individ-
ual impurities, but estimate total impu-
rity figure to be within 5% which is
criteria whereby this material is felt to
comply with the specifications.

Base material‘'s fabrication cleanliness
by metallographic examination,

Visual examination indicated trace of
foreign material may be present on surface
in as received condition direct from vendor.

Surface contamination analysis of material
as received by infra-red techniques. Data
obtained by M&P laboratory

Ter feet ¢f goid-antimony ribbon was ex-
tracted and organic material was found to
be present. in Order of Magnitude of 20
ppm. Again, positive identification of
type of organics was not pursued due to
small quantity found. A reasonable guess
18 that some lint f:om the paper used to
cover layers of ribbon, .n apool form, is
present which shows up as organic material.

Dimensionai check for compliance tc drawing
specifications:

Spec. Measured Dim.

*,002

<040 “4 0002

.045
.001

Deviation from drawing specifications was
permitted to exhaust stock supply prior
to compliance by vendor to new thinmer
preform dimension. All new material will
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be ordered to new specifications.
2. Preform Cleaning

a. Effectiveness of cleaning by infra-red
analysis.

This work is in process and will be reported
in the next report.

Header

1. Identification of base material and ites condi-
tion.

Visual examination of surface conditions indi-
cated no obvious contamination, but observations
at higher magnification (400x) indicates dif-
ferences 1in grain size between vendors.

First attempt to analyze base material by
removing plating mechanically was not success-
ful and chemical techniques will be employed to
better analyze base material composition and
interface between plating and base material.

2. Analysis of gold plating qual.ty.
a. Thickness controi and uniformity is under
study by obtaining cross sections of parts.

----No results as yet.

b. Surface impurities by infra-red analysis.
Data obtained by MRP Laberatory.

Organic Material Concentrations

Vendor ppm.
A 17
B 9

Again. positive 1dentification of type of
organics was not pursued due to small
quantities found.

3. Line processing and part performance review.

a, Effectiveness of line cleaning:

Check of organic material after line
cleaning resulted in the following:
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sions

F. Program

for next
Quarter

17

Vendor ppm.
A 2.1 or leas
B 3.6 or less

4. Alteration of part or process drawings to
improve quality.

None, at this time since processes seem to be
very effective up to the point of our investi-
gation.

Cap-
Material meets or exceeds drawing specifications

regarding chemical composition and due to the cleaning
processes organic contamination is all but eliminated.

Preform-

Material composition meets drawing specifications,

Header -

Effectiveness of lire clearing processes regarding

arganic contamination seems to indicate this is not
a problem area. However K more work is necessary to
further identify ccmposition and nature of apparent
differences of gold quality.

Estimate of portior of work complete is 20%.

Cap-

Complete the anaiysis of sect_ons of base material.

Preform-

Complete the anaiysis on the effectiveness of cleaning
processaes,

Header-

Since work in this area has essentially just begun,

more information regarding gold quality will be obtained
together with comparison of solderability of gold to
pellet and header (Both Vendors),
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VII. AREA OF WORK - INTERCONNECTIONS.

1 A. Work Item - Improve Bonding Process (LANZL, DURSO, RICHARDSON,

B. Abstract -~ 1.

C. Purpose - 1,

2.

D. Narrative 1.
and
Data

R. E. SMITH).

lleader bonding: Bending of the posts has proven
advantageous in reducing the number of open leads
on this unit. The posts are now being bent on a
post bending fixture in the Device Fabrication area.
Investigation has been made for procuring headers
with posts bent and flattened.

Increased pcllet bond area: Bonding the lead wire

in two places cn the pellet has increased reliability
of thia unit by reducing the number of opens due to
leads lifting off pellet on high temperature storage
tests.

Wire quality and specifications are being studied
to determine the necessary inspection and test pro-
cedures to assure reproducible control over incoming
material.

The purpose of work performed was to investigate

the feasibil:ty of procuring headers with bent.
flattened posts, and to minimize the number of
failures due to the lead wire lifting off the pellet,

To improve ancomirg qual:ity control for bonding wire,

Header bonding and increased pellet bond area:
Vendors were contacted t2 quote on costs to bend
and flatten the header posts. Quotes received were:

&. To have posts bent 90° - 5% increase in
bas:c header cos*. o

b. Tc have posts bent 90 and flattened - 10%
increase i1n basic header cost.

Upon review of the Producticn Schedule and the above
additiona) costs. i1t was decided to do the poat
bending in the Device Fabrication area as a day work
operation. The present device bending equipment has
a capacity for approximately 800/hour.

Failures due to opens have decreased from 33% to
3%. This decrease has been due to post bending,
more concentrated gas coverage, better TCB methods
and operator training. Better TCB methods include
slack in wire K wire positioning, bonding the wire
in two placeés on the peilet, and hold-down time of
three seconde.

The contribution of two bonds on each lead on the
peliet while beneficial, is hard to evaluate,
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However, analyses of failures occurring on high
temperature storage tests show the following results:

Lot sample size - 25 units

Single bond on Pellet Double bond on Pellet
10 opens/6 lot samples 1 open/6 lot sample

The double bond process was under preliminary evalua-
tion during the first work period and inadvertently
omitted as part of the program for this quarter.
Conversion to this method of bonding occurred at

the boginning of this quarter and will now be
referred to as the "standard" process,

Bvaluation of bonding wire:

a. Wire quality is under study because present
vendor's problem of supplying consistent
annealed material. A check of incoming in-
spection bas indicated several rejections
of material for variations in mechanical
propertiea, Several areas are affected by
this situation and are listed as follows.

1. Due to observed variations in temper of
wire a precautionary re-mnealling pro-
cess was necessary to maintain uniform
quality of wire used on line. Therefors,
drawing specifications are under study
so that they will be more representative
of the final part that is used in the
device.

2. Area of elongation measurement seems to
be in conflict between vendor and lab-
oratory. Standardization of gage length
and procedures are necessary to obtain
comparable data for use in changing
specifications.

3. Investigation of easier, faster, and
more accurate determination of the
important physical properties which
effect bond strength and thus improve
general quality of lead attachment.

4, Effect of grain size upon temper of
gold wire and thus bond strength to
pellet.

b. Spectrographic analysis of .002" gold wire:
% By Weight.



B. Conclu-
sions

F. Program
for next

Quater

N
o

Estimated
Spec. Act sis
Au | Min, 99.99 99,9961
Ca., Max, 0.0003 0.0003
Cu., Max. 0.002 0.001
Fe., Max. 0.002 0.0004
Pb., Max. 0.0001 -
Mg., Max. 0.002 -
Pd., Max. 0.001 -
Pt., Max. 0.001 -
8i., Max. 0.0001 0.0008
Ag., Max. 0.008 0.001
Ni - 0.0002
Al - 0.0002
Total Max.
Impurities 0.010

c. Surface Contamination by infra-red spectro~
photometric analysis of as received material:

1.09 grams of wire extracted resulted in
organic material present in Order of Mag-
nitude of 23 ¥ 10 ppm.

d. Bffectiveness of line cleaning:

Work being processed on line results not
obtainable at time report compiled.

e. Second source to supply wire:

A second supplier has submitted samples with
varying tempers, detailed data and history
of each lot for experimental production
evaluation,

Comparison of production schedule and additional costs
to bend and flatten header indicate that post bending
should be done on existing equipment in Device Fabri-
cation area.

BReliability teat results indicate that failures due to
open leads off pellets have been drastically decreased
with application of two bonds per lead on the pellet.

Bvaluation of bonding wire, based on preliminary data,

indicates more effective test procedures are necessary

to properly control incoming bonding wire at Acceptance
Quality Comtrol.

Work will be directed in improving the existing post
bending equipment and developing more efficient post
bender methods. Evaluation will continue of the
double~bond on the pellet by analyzing failures on
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VIII. AREA OF WORK - RELIABILITY MEASUREMENT (T. E. JACOBS).

1 A. Work Item - Continuance of Phase I Series of Step Stresses; Plan

B. Abstract -

C. Purpose -

D. Narrative
and
Data

for Phase II Series of Step Stresses.

All stresses complete, except for the 92 and 192 hour/
step 45V + temperature stresses. These two stresses
may have to be discontinued to provide space for the
Phase II Stresses which should be started earlier than
originally planned because of the desirability of a
192 hour/step in Phase II.

Present plans call for the Phase Il Stresses to be
patterned after the Phase 1 Stresses except that in
most cases the 1 and 4 hour stressea will be deleted
and a 192 hour/step added.

The step stress tests will -

a. Point out failure mechanisms existing in the
device.

b, Provide a measure of the ultimate capabilities
of the device.

c¢. Provide guidance on the selection of conditions
to be used in the fixed stress life tests
conducted later in the program.

1. Resulta on Phase I Step Stress

Figures 1 and 2 present the latest data. The
results are generally disappointing as the short-
time high stress failures occur at or near the
eutectic temperature (380°C) of the contact
materzal  the effectiveness of step atressing is
lost unless large numbers of failures are created
over a span of steps. The failures shown in f,
(“Temperature Step + V.. in avalanche") while
encouraging  are proba ?y not valid since device
oscillation was uncovered when the test was close
to compietion. The test can not be repeated until
Phase II due to lack of facilities, but it was
found that the oscillation could be eliminated

on many devices by back biasing the EB junction.
The Phase II avalanche test will incorporate this
back b.as.

However. there are some indications that a valid
astep stress program will materialize: both the
temperature step stress + Vb = 45V, and the power
step stress at V,, = 20V tend to show a time for
failure dependent on a time for step vs, stress
intensity relationship., For example, test "b"
devices fail earlier on the 192 hour/step sequence
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thar on 20 hour/step. But since this relationship
appears tc develcp over the longer step times (4 or
20 to 192 hour/atep), the Phase II testa will

include a 192 hour/step sequence, and will omit

some of the shorter times,

It would perhaps be desirable from the standpoint

of information gained to institute a 500 hour/step
test: however, such a test would probably not have
any practical use: it is too long for use in burn-
ing or screening.

Nots that large numbers of failures occur at the

380 C point in temperature stress and the 1.9 Watt
point in the .25 amp + power stress, These failures
are believed caused by stressing beyond the designed-
:in capabilities of the device: in most cases, reject
anzlysis shows that the 3779C gold-silicon eutectic
was exceeded.

Both in tests "d" and "e" there is some inconsistency
in the apparent power required to gemerate this 3779C
temperatuce. This was due to problems in setting

and maintaining the emitter current and the low
voltage on the collector, so that in some cases the
correct power was not supplied to the device.

Plan for Phase II Series of Step Stresses

The Phase II Series of Step Stresses will commence

in December. Pricr to their subm:ssion to these
stresses. the devices shall be subjected to screen-
ing sitresaes similar to the step stresses themselves.
Product :mprovement will therefore reflect improve-
ments in process plus ability to screen out potential
failures. Screening stresses contemplated include a
centrifuge test and a 45V + tsmperature test. Also,
for the finel series of life tests (Item IIE on the
work schedule), an avalanche voltage + temperature
test may be instituted as a screen, depending on
resulta shown by the avalanche test included in
Phasc ]I Step Stiressing.

The tesis now pianned for Phase 1I Step Streass are
as follows: (20 devices per time sequence).

a. Temperature step stress -- 92 and 192 hours/
step.

b. Temperature step stress +45V -4, 20, 92,
192 hours/step.

[¢]

Power step + (V. «20V) -4, 20. 92, 192

\/
hours/step. cB

d. Pcwer step at (Ic = .5 amp) -20, 92, 192
hours /step.




Conclu-~
sions

Program
for next

Quarter
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e. Power step at (Iq = .25 amp), 5 minute on/
5 minute off cycle - 20, 92, 1902 hours/step.

f. Temperature + V.. in avalanche at 2 ma, and
back biased EB ganction-20 hours/step.

g. Constant acceleration (4 orientations) 10,
20, 40, 100 KG - 50 devices.

h., Vibration fatigue 50 G; 100 to 2000 cps
sweep, 1 hour cycle; 1 cycle/orientation;
3 orientations., Then same except 35 cycles
per orientation.

The step stress tests have thus far proven largely
ineffective in the function for which they were designed,
namely, creating large numbers of failures under the
assumption of a relationship between stress level and
time to failure. However, an upward extension of the
time sequence to 192 hours/step in Phase II may uncover
something.

Step Stress Phase Il series will be started. Results
from this and the prior series will be used to plan
for the long term life test conditions.




FIGURE 1.

Table Showving Cumulative Failures.

Temperature in °C.

STRESS

p. Temperature
Step Stress

lb 220]240]260]270 [280]290 ]
. Temperature ojo|jo]O]JO|jO|[fO]|O] O
Step Stress 4 20 [o]Jojo{o 1 |1][1]1 e
+ 20 20 (oo |11 |2r}]1|1 hAe lg/m 1
Vep = 45V 92 20 (0|0} o
92 20 [1]21i¢2

¢. Power Step
at
VB " 20V

h. Power Step
at
Ic = 0.5 Amp.
Bra/|No. of | Power in Wa!
Step|Unats. [0.510.75 (1.011.2811.5 (1.7
e. Power Step at 1 20 0jo0o({o0|0]O0 |1
Ic = 0.25 Amp. | 4 20 6jJojo|o0]o (O
5 Min, ON, 5 20 20 0|01 0]|0]|O0 |2
[___Min. OFF Cycle] 92 20 J]ofo 02|

f. Temperature
Step with
Vep in
Avalanche at
2 ma.




Pigure 2.

Table Showing Cumulative Failures

Constant Acceleration

b.

80 Units

HBumidity (per MILS 19500B, para. 40.G)

Work Item and Sample Plan ;:?l:ro:‘
a. Thermal Shook/Humidity | 10 cycles 100°C. Water to 0°C. Water;
then Humidity (per MILS 19800B, para. 0
40.G): then
50 Unita 10 cycles 300°C. Molten Solder to -85°C.
Toulene and dry ice, followed by 1

¢. Mechanical Shock

T T S S Tt o e

50 Units

1
) 2
Y; 4
Yo 6
then
30,000 G [ 31 8
X 8
b 41 11
Y2 18
1,500 G. 4 Orientations, 5 blows/
orientation 0
then
3,000 G- 4 Orientations, 5 blows/
orientation 1
d. Vibration Fatigue 20 G: 100 cps.; 3 Orientations, 32 0
hours/crientation
then

50 Units

2 w1 s a—

50 G- Sweep 100 cps. to 2,000 cps.;

ter 2 Hoursj

1-hour cycle: 1 cycle/orientation; 1 Pailure
3 orientations After Comple-
tion 3

Pailures

e s T
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IX. AREA OF WOBK - FAILURE ANALYSIS (A. POE).

1 A,
B.

C.

D.

Work Item - Failure Analysis

Abstract -~ A large number of unite which had failed during the step
stress tests were subjected to failure analysis proce-
dures. In most cases, the units had failed under stress
levels far beyond their normally rated values.

Purpose -

The behavior patterr. developing 1s as follows:

1'

Under h:gh temperatures, our devices were highly
resistant to any degradation. Longer period streases
at high, better controllied temperatures, are planned
to further test such items as bond adherence, resist-
an-e and peliet bond degradation.

Stresses under very high voitages and temperatures
produced some surface type degradations. Closer
line control 1s expected to reduce these failure
rates,

Stresses under condit:ons of high power, low voltage
and high current resulted primarily in thermal
destruction of the devices at power levels twice
normal. Future tests of longer duration but at
somewhat lower leveis may be of advantage in detec-
tion ¢f internal junction defects.

Results of the initial mechanical tests were below
expectation but improvements in bonding techniques
and the header are expected to show considerable
improvement

Based on studies being made of the failure mechanisms,
both in the previously defined step stress program and
standard iife tests the directions of process improve-
ment can be established and action can be taken to
eliminate the contributing mechanisms. The effect of
these process improvements can then be determined by
constant monitoring of the failure rates.

Narrative Analysis of tests being performed

and
Data

1.

Temperature Step Stress - In general, units on test
held up without significant changes in parameters
until a temperature exceeding the theoretical
thermal limitation of the device had been reached.
Most of the devices then failed abruptly in a
similar manner.

The most valnerable point of the transistor from
the thermal point of view was the Base-gold wire
connection to the aluminized ring contact. Since
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the Au-8i eutectic is given at 37000, one may

expect the presence of a liquid phase at this
temperature. The aluminum mekes a ternary system
with aoliqu1d phase at a slightly lower temperature,
At 380 C.., therefore, it was not surprising that
gold alloyed first intc the Al-Si phase working its
way clear around the ring in most cases and then
penetrated the Silicon metal until it reached or
crossed the CB or EB junctiona., The depletion of
gold from the base bond due to extensive alloying
into the Aluminum and Silicon eventually caused it
to melt off . leaving a stub of intermetallic material
in many cases. This type of open will be designated

as Type fV

For units subjected tc 380°C. for 4 hours and longer,
the pellets were found to be loose from their mount-
ings so that they could be readily broken off by
sideways pressure. A liquid phase developing at
this point can be expected to detericrate the bond.

The data beiow indicates this i1s highly dependent
on the time dwel. at high temperatures. In no case
is the CB junction believed to have shorted by gold
penetrating up from the collector bond.

A summary of all failure modes seen is presented.

Shorts Qpana | e G
Type C D E | Type {-V Other] Pellet lLoose
20 Units - 1 br. to 380°C.| 20 (1716 5 1
19 Units - 4 hra. to 380C 19 |19]18 7 14
1 Unit to 40 C. E(f-1I)
20 Units ~ 20 hrs. to 380°C | 17 |17 10 6 19
20 Units - 92 hrs. to 380°C, L 20 {20/ 20 12 L 19

The 20-hour series appeared to be run at a slightly
lower temperature than the other tests judging from

the physical appearance of the units. Note also

that 3 units had all junctions still undamaged and 10
units still had good diodes. Closer temnerature
controls are planned for future a8 as a result,

Only one un.t opened up below 380 due to a bond defect.

Contact resistances V,, and V. sat.did not appre-
ciably increase even gﬁ the our step test up
to the failure point indicating pellet loosening
was not appreciable prior tc failure.

In general, the units held up better than could




here been predicted.

2. Temperature Step Stress + V.. 45V,
Temperature Step Stress vitﬁan"in Avalanche at
2 ma.

Both of these tests will be discussed together as
they are both designed primarily to produce extremely
rigoerous stresses on the CB junctions. The combina-
tion of high voltage and temperature will create
surface inversions with resulting ICBO degradations.

Only 2 units have been received from the 45V test
while as many as 16 failed the higher voltage Ava-
lancthe condition. However, visual examination of
6 of the latter rejects show them to be "blasted”
by a high powsr condition. The previous report
indicated that the Avalanche test rack being used
was found to have uncontrolled AC surges. This
condition could readily have resulted in destructive
current levels thru the units. The other rejects
in this lot appear to be surface type failures
(Type A) although the stress level and time to
failure may have been accelerated by the rack
difficulties.

Summary of Fajlure Modes

Test Point & T.| No. of Pails| PFailure

° Type £-II -
45V . 240°% 1 Open Base
320°C . 1 Type (a)

‘ko“ of|Farlure Modes| Bst. T
pnxts

Jo Notes

Avalanche +

200°q 9 |7-type

a 260 8 units exhibiting
1-type (a)* ead short conditions

o 1-type (c)* r having bass leads
225G 2 |[l-type (a 285 lasted may have

o 1-type (c)* ailed due to Rack
250 2 |1-type (a 310 ondition.

o 1-type (b units exhibit re-
21500 2 |2 type (c)* 335 overable surface
300C 1 |{l-type (c)* 380 type ICBO character—

istics = Type (a)
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Type (a) units coming off the Avalanche test rack
were found to exhibit a somewhat unexpected \/
characteristic in that the current rises steeply ?E
a convex upward manner at voltages between 10-30
volts rather than starting to rise steeply at the
origin.

Another peculiarity is that low voltage C p Deasure-
ments are lower on the reject devices thal’on devices
after recovery by heating. The usual Type (a) reject
has a higher C , than its recovered or original condi-
tion, Althougﬂ an explanation of this difference is
premature at this time, it is believed that the excep-
tionally high voltage application in the Avalanche
condition may have isolated inversion islands on
elther side of the existing junction., When the de-
pietion layer spreads into these i1alands at some
intermediate voltage, the current rises steeply as

in the normal case. Some typical data values of
reject units are given:

rpo Value valve 0,08V

Avalanche
+ 2.6 naj 17 ua
1.7 na| 35 ua

.9 na|?730 na

ter Affei ter After

Fajlure

6.3 ua. )| 27.2 pt| 25 pt

Heating |~ 2 hrs

Llure Heating

_@®300°c

The one Type fII base open was found to have been
defective bond.

A mecre accurate statistical appraisal of unit per--
formence cn Avalanche Stress wiil be avaiiable as
a result of Phase II testing.

Power Step Tests - Failures for the most part were
due to the thermal limiting of the devices and are
characterized by heavily alloyed Emitér regionms,
where most of the power dissipation took place,
Phys:ically these units appeared to have undor‘ose
localized emitier temperatures in exceas of 380 C.
In wany cases, enough gold had penetrated into the
emitter regions i) cause destructive erosion of the
gold emitter ware (Typs £V open). Most units are
character.zed as Type - d and ¢ shorts.
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A few units which failed at lower power levels than
the majority are described as follows:

Stress Pt Failed Failure Analysis
Pover Test 20 hr. at 1.5 Watts Typical Type (a)
@20 Vo 92 hr. at 1.25 Watts | Typical Type (a)

82 hr. at 1.5 Watt Open Base - Type fI

92 hr. at 2.0 Watt CE short - Type (d)

The units stressed at low voltages and high current
levels (0.25A and 0.5A) failed as Type c, d, or e
shorts. The voltages involved (8V 2.0 Watt) are
apparently too low to stress the CB junction in such
a way as to produce Type (a) rejects — However,
heating effects possibly coupled with internal
junction defects may produce early failures.

Units will be run at longer time periods during
Phase II to weed out internal defect types more
readily if failures occur at relatively low power
levels.

In general, units withstood low voltage power condi-
tions (much higher than rated) with relatively little
difficulty.

Mechanical Tests 20 and 30 KG Centrifuge - Two units
reported as failures in the [ vious report were
found tc be intact on analysis. All rejects are of
the open type and are catagorised below. One new
type of open was encountered here which was not
previously deacribed to be classified as Type fVI.
This involves a wire which upon 0Opening, tears out
a piece of Silicon adhering to the wire. This condi-
tion takes place if adhesion of all elements is good
but the unit atress, due to excess wire weight,
excessively heavy shock, or insufficient adhesion
area, exceeds the strength of the Silicon. The
sharp angle the lead makes with the surface is the
most vulnerable point for this to take place due to
the "notch" effect., A type fVI failure is also
posaible if excessive bonding pressures have pre-
cracked the Silicon under the bond,

Classification of Rejects




TYPE OF REJECT.

b.

Ce

d.

f.

£.
f.
f.
f.
f.
f.

II
II1
v

32.

FAIIURE ANALYSIS.
DESCRIPTION.

High leakage current, recoverable by heating.

High leakage current, usually with "soft"
breakdown.

Collector ~ to -~ base short.

Collector - to - emitter short, or very
low voltage.

Bnitter - to - base short.

Open.

Wires off pellet - Intermetallic.
Wires off pellet - Alloying.
Broken wire.

Open at Header Post.

Wires melted.

Wires torn from pellet.
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1. A3STRACT

Pagssivation - The equipment nrocurement, installation, and debug-
ging onerations have been completed, Initial trial runs have
been made and the equipment is now in production use and being
further evaluated.

Aigh Temperature Main Sealing - Equipment designs are essentially
conplete and the »nracurement nhase is back on schedule.

Exnerimentation and Lvaluaticn - A temnerature step stress test
has been comnleted and tabulated Jor twelve units,

An encapsulation exneriment has been started. This experiment is
directed toward ontimization of the {lush temnerature and time dur-
ing the encansulation or main seal velding operation. Initial
yields were obtained and the units are nresently on life test
(200°C storage and 500 MI nower).

characteristic Distribution - A nroduction monitoring system has
been establishced whieh will pive a weekly distribution of all of
the major and most of the minor device narameters of the devices
made on the nroduction line.




2.3

2.4

PURPOSE

The nurpose of the Production Engineering Measure Program
is to improve the nroduction techniques on the Silicon
Grown Diffused Transistor tyne 213336, with a maximum fail-
ure ra%tc of .0Ll% per 1000 hours at a 90% confidence level
at 259C as an objective.

In the fabrication of semiconductor devices there are inev-
itably ecritical nrocess steps which, due to process variabil-
ity, exert an influcnce on test yields and also on long-
range reliability. In order to achieve the reliability ob-
jective of this program, two key nrocess steps have been sing-
led out to maximize process control. By redesign of initial
production equinnent in thesc tuo areas, the latest process-
ing techniques can be incorporated, while minimizing process
variability, and at the same time greatly increasing produc-
tion canability, The two speeific work areas referred to
above are 3urface Passivation and lHigh Temperature MMain Seal-
ing.

The objectives ol this renort are now noted.

FASSIVATICD

Installation of equipment vhich will , . .

(1). Pernit the incormnration of the latest processing
techniques.

(2)., 1.inumize nrocess variability,
(3.) Incrensce nroduchtinn canability.

HIGH TENMPURATURE MAIN SEALING

Installation of mawin seal welding equipment which will meet
the nrocess requ.rements, defined as necessary to achieve
highly reliable device nerformance, and which will also pro-
vide for volume production.

EXPERIMEIZATION AND EVALUATION

2.3.1 Temperature Sten Stress Experiment- Evaluation of cumu-
lative fallures versus junction temperature.

2.3.2 Encansulation Experiment-Ontimization of flush tempera-
ture and time Ifor the encansulation or main seal welding process.

Characteristic Distributions ~ Lstabligshment of a system to

monitor the electrical narameter distributions on the 4JD4C
line where the 21'336 is nroduced,




3. NARRATIVLE AND DATA

3.1 PASSIVATION

When the component parts for the automatiec nassivation system
vere received from the vendors they were first insnected for correct-
hess to print snecifications, then for quality of manufacture by
determining that there were no annarent visual defects. The com-
nonent narts were then assenbled and installed on the frame of the
nachine.

Becouse of the nature of the materials involved in the passi-
vation process, all valves, tubing, niping, and others internal
gurfaces had to be constructed of glass or a qualified inert mater-
ial, While the materials choosen for the job were adequate from a
functional viewnoint, some changes were necessary to increase the
oncrational reliability of the system.

These changes were as follows:
1. The inlet valve was redesisned from glass to teflon to:

(A) Lliminate contamination from the lubricant necessar-
1lv used with a glass valve,

(3) 1Insure fail safe pressurc tightness.
(C) Produce a maintainence free valve.
(D) Eliminate a notential safety hazard.
2, The raising and lowering of the system chamber was rede-

gigned from a manual to a hydraulically onerated mechanism
both for salety nurposes and onerator convenience.

3., The inlet and outlet norts were redesigned and relocated
in order to nrevent nphysical disturbance of the deviees during
the nassivation cycle.

4, The external environmental exhaust consisting of a welded
PVC hood was en'larged in order to comnletely isolate the sys-
tem from adjacens vl areas,

After thesc changes were comnletad the debugging and trial run
onerations were initiated,

The first stenr vas to determine that the process cvcle was prop-
erly timed and sequential and to evaluate the mechanical functions.

Following this, sirmlated runs were made using an inert-.gas
with a tracer nd-led to dotermine the hermeticity of the system,




¥inally, actual runs were made, but without devices, to
ascertain if any major design or operational problems existed and
to acclimatize the entire internal arca of the system under actual
use conditions. Accordingly no major design or onerational prob-
lems were anpnarent,

This was followed by initial evaluation runs to satisfy that
device yieclds were at least equivalent to that of the production run
on the nrototype equipment.

Satisfied with this, the final design automatic passivation
system has been released for normal nroduction use so that large scale
evaluation of the system may be accomnlished,

This will be rcalized bv monitorin; of the production monitor
distributions. In addition, a reliability exncriment has been designed
to further evaluate the results of the new system vs, the prototyne
nredesessor,




3,2 HIGH TEIPERATUNT MAIN SUALING

The sccond quarter worl: on this phase of the contract has
been cnncentrated on the design and procurement of the welding cquin-
ment, As renorted after the first quarter, a hizh production ro-
tary tyre velding machine has been male available and reconstruection
for high temncrature nrocessing has been started,

A single station from the welding mechine h~s been set up uti-
liziny a bearing design conceived to meet thie requircments of the
nrocess, As noted in the »rovious renort, tuo beariny designs were
umder e~nsideration, The desiyn using the nluninm oxide coated
bearing seat wvas sclected, e samnle station has been measured
undar onerating conditions to deternine cunangion noints and degree
nf distortion, Urom this study a detailed design ol the welding
station has been made amd all stotions on the welding machine have
been contracted to a snceialty vendor Zor modifieation,

Parts have bcen recceived to modify the »urging gas control
system, Purging gas termerature thermocounles and instruments have
been reccived and installation of these items has started.

These modifications will cnable the wclding machine to perform
the encn~sulation process within the nrocess limits of time, temper-
ature and nurge gas [lov, as originally outlincd for this process.
San leadin: equ-eut dosiing ave Leel studied, The selection
7ill be made goon denending or the final »urging time required imned-
iatcly prior to welding, Lorg »urge tin.s vill allowr time for liand
Lloalir thas nnking eov leading cquivient ‘morretienl.




3.3 EXPERIMENTATION AND EVALUATION

3.3.1 Temperature Step Stress Test

TFourteen units were sent to the Signal Corps for temp-
erature step stress evaluation. We have tested twelve units
from the same lot using the same failure criteria in order to
obt ain correlation with your results.

The following operating conditions were observed:

(L)
(2

Two hour storage at the specified temnerature,

The units werc read after a minimun of one hour
cooliny.

The units werc stored at the next highest tempera-
ture after the comnletion of the readouts. ( The

units were read at room temnerature, 250°C, and at
300°C with 15°C temncrature increments thereafter,

The folloving Ffailure criteria were observed.

¢D)
(2

Icno © 15 VZ2 ua
He, © 6V, 2 A Allgy = -50%.

Upon examination of the cata only one A Hg, failure
is found and this occurs at 3159C, All other failures ocecur at a
temperature of 345°C or higher and are primarily Icpo failures.

The folloving test equipment was used.

(1) hge read on Tektronix Type 575 scope.

(2) Igpg read on biethly model 410 micromicroammeter,
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3.3.2 ENCAPSULATION EXPERIMLUYNT

The purpose of this experinment is to optimlze the High Tenm-
nerature Main Sealing process. Lleven vearious capping conditions were
used to produce 1l lots C £0 units ner lot, Keeplng in mind the cap-
abilities of the 20 station indexing type welding machine, a spectrum
of various flushing temneraturecs and times were chosen. A control
lot using the standard process was also run in order to monitor the ex-
perim-nt ( a description of the standard process can be found in the
First Quartcrly Report).

The following capning conditions were run:

(1} Controls

(2) 40°C, 24 3EC,
() 40°c 72 5.
(&) AO”L 216 Ihd.
(5) lSOOL, 24 SLC.
(¢) 1500C, 72 SLC.
(7 15“°P 216 3LC.
e 300‘ 74 S1C,
(9) 300° ( 72 SEC.
(10) 3oo°r 216 SEC,
(11) 300°c_ 600 SEC.

The units have been canped, screened, and are pres ently on
life tgst. Yield informrtion was obtnlnou after a normal aglng cycle.
The 40°C and 150°% [lush temrcratures produced about a 110% yield when
normalized to the centrol lot yicld. ‘7The 300°C flush temperature pro-
duced 2 90% yicld aftur normalizstion.
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FIGURE 3.3.2 -/
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3.4 CHARACTERISTIC DISTRIDUTIONS

Semiconductor P’roducts Dept. has a comprehensive system for mon-
itoring electrical parameter distribution on the 4JD4C line, The 2N336
device is nroduced on this linec. The relative distribution of 2N332,
2N333, 2N335, 2N336 devices produced can be changed significantly by
certa{n techniques., llowvever, the line can be controlled by taking a
random sample of raw linc (untested) units even though the distribution
varies. A sample of rawv line units is drawn from every shift. These
units are partially aged and then certain key narameters are read out,
These daily samplcs are then a7cd for the balance of the normal aging
period, classified into 2N332, 21333, 21335, 2N336 types and tested for
a number of other paramecters.,

In the attached report BV.,.,, BVa hee, Ipe 30V, 25°C data is
from raw units and all other f%gg clngggfiegeunigg. =559 hgo will be
included in the next renort. There are 2 substitutions for f9500/37A
Group A paramecters, ic.

(1) thge instend of hgy

(2) BVepos IE= 100 un for Igpa at 1 Volt, max. 100 ua,

In futurc renorts hpp dote will be segregated by type. Sample
size and frequencv will be varied as control needs dictate. <or in-
stance, C,p may be nut on a skin lot brsis., Dlarameters will be added
as necessary or dromned 17 it is found that they can be controlled via
corrclation with other narameters.
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PARAMETER DISTRIBUTICON BY WEIK

1962 - LJDLC LINE, (2N332,2N333,2N335,2N336)
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4, CONCLUSIONS

The final design Automatic Passivation System has been released
for normal production use so that large scale evaluation of the
system may be accomplished, This will be realized by monitoring of
the production monitor distributions.

Modifications have begun which will enable the Main Seal weldi
machine to perform the encapsulation process within the process limits
of time, temperature, and gas flow, as orginally outlined for this
process,

The majority of the failures on the Temperature Step Stress Test
were Inopg failures occuring at temperatures of 345°C or higher.

Initial test yields indicate that the 40°C and 150°C flush temp-
eratures surpass the 300°C flush temperatures in yield.
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5. PROGRAM FOR NEXT QUARTER

5.1  PASSIVATION

Devices will be selected and the manufacturinf portion of the
evaluation run will be completed, These devices will be submitted
to the Engineering Reliability Measurement Group and Quality Control
for data accumulation,

5.2 HIGH TEMPERATURE MAIN SEALING

Concentration will be placed on the completion of the construc-
tion phase of this project in particular completion of modifications
and installation in the factory assembly area. Initial runs will
be made on this equipment using the high temperature encapsulation
process., The specific process parameters will be determined by the
results of the encapsulation experiment discussed in another section
of this report,

5.3 EXPERIMENTATIO!l" AND EVALUATION

The life test data for the encapsulation experiment will be eval-
uated and smaller side experiments will be started if indications ob-
tained from the life test data evaluation reveal significant results.

5.4 CHARACTERISTIC DISTRIBUTIONS

The monitoring of the electrical parameter distribution of the
4JD4C line will continue. Parameters will be added as necessary
or dropped if it is found that they can be controlled via correlation
with other parameters.




6.

19.

PUBLICATIONS AND REPORTS

6. 1 Pormal Quarterly Report

The First Quarterly Report was completed, approved,
and distributed.




PERSONNEL

R,
P,

L.

L.
R.

Lavallee
Olski
Smith
Gates
Jeffers
Killian

Marapodi

PROFESSIONAL PERSONNEL
and
TOTAL APPLILED EFFORT

for period covering

31 July 1962 - 31 October 1962

20,

MANHOURS
454




